Objective: We tested the hypothesis that surveillance neuroimaging and neurologic examinations identified changes requiring emergent surgical interventions in patients with intracerebral hemorrhage (ICH).
The 1-year mortality from intracerebral hemorrhage (ICH) exceeds 50%, the majority of survivors are left disabled, and outcomes do not appear to be improving despite considerable research advances. 1 Rapid identification and management of in-hospital complications is a potential means of improving outcomes. Hematoma growth and delayed intraventricular extension occur in some patients with ICH and are associated with worse outcome, for example, but whether any system of monitoring for those complications affects patient care is unknown. 2, 3 Neither the US nor European guidelines on management of ICH comment on neuroimaging for purposes other than diagnosis and evaluation of hemorrhage etiology. 4, 5 Likewise, the guidelines cite evidence to recommend initial management in units with neuroscience expertise, but the effective components of such specialized care remain to be elucidated. We sought to test the hypothesis that a structured surveillance protocol that includes serial neuroimaging and neurologic examinations identifies clinical changes requiring emergent surgical interventions. As a secondary analysis, we sought to identify any predictors of subsequent surgical intervention among patients who do not undergo immediate surgery after initial evaluation.
METHODS Patients presenting to Northwestern Memorial Hospital with ICH between December 2006 and July 2012 were prospectively enrolled in an observational cohort study. All cases were diagnosed by a board-certified vascular neurologist or neurointensivist utilizing CT or MRI. Patients with ICH attributed to trauma, hemorrhagic conversion of ischemic stroke, structural lesions, or vascular malformations were excluded. All patients were admitted to a neurointensive care unit with a standard order set in the electronic order entry system. Given the association between reduced platelet activity and early hematoma growth after ICH, we routinely measured platelet activity on admission, and defined aspirin resistance units ,550 as indicative of platelet dysfunction, as previously described. 6 Neuroimaging surveillance. Per protocol, patients underwent serial noncontrast CT imaging to monitor for expansion of the hematoma, hydrocephalus, intraventricular extension of hemorrhage, and cerebral edema at intervals of 6, 24, and 48 hours after the initial brain imaging, although earlier imaging was obtained stat due to a change in clinical status or deferred in the case of medical instability or withdrawal of life support. Beyond 48 hours, serial neuroimaging was preordered to be done daily in patients deemed to be at high risk for deterioration from hydrocephalus or cerebral edema. The routine first 3 surveillance neuroimaging studies were preordered at the time of admission, and emergent neuroimaging to further evaluate clinical deterioration was ordered stat at the time of requisition. At the discretion of the clinical team, CT angiography was performed, usually as a distinct study within the first 6 hours. MRI was obtained whenever feasible in patients unlikely to die within 48 hours from ICH symptom onset on Siemens 1.5-T MR scanners (Siemens AG, Munich, Germany) with a protocol including B1000, diffusion-weighted images, apparent diffusion coefficient maps, fluid-attenuated inversion recovery, T2/turbo spin echo, and T1 and T2* gradient echo, as previously described. 7 Neurologic examination surveillance. The neurointensive care unit was staffed with registered nurses with additional training and certification in neuroscience nursing and structured, specific training in the administration of standardized neurologic examination instruments, including the Glasgow Coma Scale (GCS) and NIH Stroke Scale (NIHSS). Per protocol, neurologic examinations were performed hourly by the patients' primary nurse, and the primary responding physician was notified of any change in neurologic function detected. Specifically, the official hospital protocol for ICH management requires that the complete NIHSS be performed independently by a neuroscience nurse on admission and 12 hours after admission, and that the complete GCS be performed by a neuroscience nurse on admission and hourly thereafter throughout the entire stay in the intensive care unit. Beginning in December 2009, the NIHSS and GCS were populated into the electronic medical record. To emphasize the requirement for complete and independent assessments, copying forward of assessments entered by nurses from a prior shift is not allowed in the electronic medical record. Additionally, all patients were examined at regular intervals, at least twice daily, by critical care physicians including a board-certified intensivist with experience managing neurologic critical care and physicians from the neurology or neurosurgery teams.
Demographic information, medical history, medication history, standardized clinical instruments (GCS, NIHSS, pre-ICH modified Rankin Scale [mRS]), pretreatment blood pressure, laboratory data, imaging data, medical management variables, surgical interventions, and medical complications were prospectively recorded. A certified examiner independent of the primary clinical team recorded the NIHSS and mRS at 14 days or discharge, whichever came first. The mRS was also recorded prospectively at 28 days and 3 months with a validated questionnaire. 8, 9 Hematoma volumes were measured on industry standard DICOM images from both referring hospitals and ours using Analyze software (Mayo Clinic, Rochester, MN) with a semiautomated process, a technique with high reliability that has been used as an endpoint in other ICH studies, as we have previously described. 6 Determining the indicator for surgical intervention. We prospectively recorded every case where a craniotomy for hematoma evacuation or craniectomy for hematoma evacuation and decompression ("craniotomy"), or ventriculostomy by external ventricular drain placement ("ventriculostomy") for hydrocephalus or intraventricular hemorrhage (IVH), had occurred. We reviewed each of these in the electronic medical record to determine the objective and proximate clinical circumstances leading to the intervention. In general, craniotomies were performed on patients with large (.30 mL) superficial lobar hemorrhages exerting lifethreatening mass effect to reduce the chance of death, or on cerebellar hemorrhages at risk for or causing brainstem compression or ventricular obstruction. Ventriculostomies were performed in patients with hydrocephalus or IVH and diminished level of arousal. These indications are consistent with guideline recommendations. 4, 5 The surgical interventions were performed as soon as feasible once the patient met the above criteria for intervention. Of note, there were cases who met criteria for a surgical intervention but did not undergo a procedure when a discussion with the patient's surrogate identified circumstances, usually severe comorbidities limiting the patient's life expectancy or quality of life, that led to limitation in the scope of their acute care.
Physician and nursing documentation was reviewed to identify whether clinical reassessment in these cases was instigated by a change in neurologic examination or findings on a surveillance neuroimaging study. The adjudication considered nursing GCS documentation, narrative nursing note, whether the proximate preceding neuroimaging study was a preordered surveillance examination per protocol or stat examination in response to clinical change, whether the preceding neuroimaging study demonstrated new or worsened findings, and the narrative chart entries by the critical care, neurology, and neurosurgery physician staff.
Cases were judged to be initial management when interventions were performed as soon as feasible after the initial clinical assessment and diagnostic neuroimaging, and as expressed in the initial neurosurgical assessment. Interventions occurring as subsequent management decisions were judged as scan initiated if 1) they occurred directly after a preordered surveillance neuroimaging study that showed worsened findings, 2) physician documentation cited worsened imaging findings as the indicator for the intervention, and 3) examination worsening was either not mentioned or documentation is clear that repeat neurologic examination occurred in response to new neuroimaging findings. Subsequent interventions were judged as examination initiated if 1) examination worsening is cited in documentation as the indicator for the intervention, 2) no worsening is noted on preceding neuroimaging, or 3) a stat neuroimaging study had been ordered in response to an examination worsening. Finally, we identified cases where the intervention occurred in a delayed fashion due to logistical circumstances or change in surrogates' decisions, and categorized those interventions as initial management if that was the initial recommendation of the medical team.
Fisher exact test was used to compare the number of scan-initiated vs examination-initiated interventions to see whether the proportion was significantly different. To assess for predictors of subsequent surgical intervention that was not part of the initial management plan, we planned to identify variables associated with subsequent intervention on univariate analysis, and to enter those variables with p , 0.2 into a logistic regression model to identify for independent predictors.
Standard protocol approvals, registrations, and patient consents. The study was approved by the institutional review board (IRB). Written informed consent was obtained from the patient or a legally authorized representative. The IRB approved a waiver of consent for patients who died during initial hospitalization, or who were incapacitated and for whom a legal representative could not be located. Among variables available for clinical decisionmaking in the initial evaluation period, ICH score was associated with the need for a subsequent surgical intervention among patients who did not undergo immediate surgical intervention (p 5 0.045), with trends also present for lower age (p 5 0.09), higher initial systolic and diastolic blood pressure (p 5 0.06 and 0.16), greater platelet dysfunction (p 5 0.11), and IVH present on initial imaging (p 5 0.09). None of those variables remained significant in the multivariate model. Analysis of surveillance neuroimaging findings showed that delayed IVH and hematoma growth (whether measured as absolute growth or percent growth) were associated with delayed intervention (all p , 0.01). The results of these secondary analyses are shown in table 3.
RESULTS
DISCUSSION In this large prospective cohort of subjects with ICH, we found that more than 10% of patients underwent surgical interventions that became necessary after the period of initial evaluation and stabilization. Delayed intraventricular extension and hematoma growth on follow-up neuroimaging were strongly associated with subsequent intervention, and both surveillance neuroimaging and serial neurologic examinations by trained staff were effective at identifying in-hospital worsening amenable to surgical intervention. Considering that no commonly acquired demographic, radiographic, or clinical variable was identified as a predictor of the need for subsequent intervention, these surveillance techniques are important and justify specialized critical care monitoring.
The purpose of neurologic monitoring is to detect clinically relevant changes in the function and structure of the nervous system. While the role of surveillance neuroimaging and examinations has been studied in various groups of head trauma patients, there has been no similar study in patients with ICH. 10 Although a variety of invasive and noninvasive neuromonitoring instruments are under investigation, basic structural neuroimaging and standardized neurologic examinations are familiar and widely applied monitoring techniques. ICH is a dynamic process, and critical changes are known to evolve beyond the time of initial assessment. Several detectable complications may be amenable to intervention. Hematoma growth has been associated with worse outcomes in several studies. 3 We recently reported that delayed intraventricular extension of hemorrhage occurs in 21% of patients with no IVH on initial imaging, and was independently associated with death and worse 3-month outcomes. 2 Furthermore, the majority of clinicians use some combination of serial neurologic examinations and neuroimaging to guide therapeutic decisions on osmotherapy for cerebral edema. 11 We have previously reported that reduced platelet activity is associated with more IVH, hematoma Initial systolic blood pressure, mm Hg, mean (SD)
(41)
Initial diastolic blood pressure, mm Hg, mean (SD)
(28)
Initial blood glucose, mg/dL, mean (SD) 151 (71) Abbreviations: ICH 5 intracerebral hemorrhage; IQR 5 interquartile range.
growth, and craniotomy, but we did not analyze the time course. 6, 12, 13 In the way that warfarin use is associated with delayed hematoma growth, reduced platelet activity may also predispose to subacute worsening, thus the trend we observed for more delayed interventions in patients with platelet dysfunction. 14 Whether correcting reduced platelet activity would reduce the need for later interventions is unknown. Craniotomy or ventriculostomy is not indicated for all patients with hematoma growth, hydrocephalus, or IVH, so previously published studies describing those imaging findings are inadequate alone to determine whether monitoring interventions actually affect care. This study does not address whether the surgical interventions initiated on the basis of examination or imaging findings affect patient morbidity or mortality and therefore must be interpreted in the context of the surgical literature. There is considerable consensus in favor of surgical interventions in patients with cerebellar hemorrhages, and hydrocephalus or IVH with diminished level of arousal. 4, 5 The role of craniotomy for supratentorial ICH is still under investigation. The STICH trial, which enrolled subjects for whom the benefit of surgery was uncertain, demonstrated no clear favor of surgery in unselected ICH, although secondary analysis suggested benefit for patients with superficial lobar hemorrhages (the subject of STICH-2). 15 In that study population of medium severity patients, 26% of those randomized to medical management later required surgery, predominantly for hemorrhage expansion or neurologic deterioration, the changes that surveillance neuroimaging and neurologic examinations are intended to detect. 15 Despite less standardized indicators for intervention, need for neurosurgical intervention has been an accepted endpoint in studies of clinical and imaging evaluation strategies in head trauma. 16 Patients in our cohort were systematically evaluated for surgical interventions with careful attention to published guidelines and major trial results. The results we observed should generalize to other institutions where evidence-based care directs surgical practice, although there is likely to be heterogeneity of surgical practice between institutions. We did not consider osmotherapy interventions in our analysis, given that medical management practices are not standardized. 11 Further study to clarify the impact of surveillance on other interventions, such as osmotherapy, would be informative. Despite the rigorous methods used, this work is still limited by being a single-center study. Furthermore, it is uncertain whether deterioration identified first by neuroimaging would have eventually been detected by examinations, and what the clinical impact of that delay would have been. Finally, although we did not assess the impact of cumulative radiation exposure, this may be attenuated by increased utilization of rapid acquisition MRI techniques.
The importance of surveillance neuroimaging and examinations may be intuitive to experienced practitioners, yet resource utilization must be rationalized by evidence as health care providers become increasingly accountable for costs associated with hospital care. These data demonstrate that surveillance neuroimaging and neurologic examinations lead to unplanned subsequent intervention. Further research is needed to determine the ideal assessment intervals and duration of surveillance.
